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1
FRONT AND REAR WHEEL STEERING DEVICE

FIELD OF THE INVENTION

This invention relates to an improvement of a front
and rear wheel steering device for vehicle which can
variably control the steering angle of the rear wheels 1n
relation with the steering angle of the front wheels.

DESCRIPTION OF THE PRIOR ART

There have been a number of proposals to provide
front and rear wheel steering devices particularly in the
form of four wheel steering devices. For instance, Japa-
nese Patent Application No. 53-163678 (Japanese Patent
Laying-Open Publication No. 55-91457) corresponding
to U.S. Pat. No. 4,313,514, filed by the Assignee of the
present application, proposes a front and rear wheel
steering device for a vehicle which steers the rear
wheels in relation with the steering of the front wheels
in the same phase relationship in high speed range and
in the opposite phase relationship in low speed range.
The steering angle ratio may be a continuous function
relative to the vehicle speed, for instance, as indicated
by “Q” in FIG. 5.

Thus, a continuous control of the steering angle ratio
is performed according to this continuous function Q so
that the function of the steering device may be favor-
able in both high speed and low speed ranges. Specifi-
cally, the minimum angle of turning and the inner radius
difference of the vehicle are both drastically reduced
and the maneuverability of the vehicle, particularly in
low speed range, in driving the vehicle into a garage,
driving the car through narrow and crooked alleys and
making a U-turn are substantially improved with the
additional advantage of improving the dynamic lateral
response of the vehicle in high speed range.

Further, the present Assignee has proposed a front

and rear wheel steering device according to which the
properties of the steering angle ratio function can be
manually selected (Japanese Patent Application No.
58-243352). This device allows the properties of the
mathematical function for the steering angle ratio to be
changed according to the liking of the driver and the
road conditions so that the modes of the front and rear
wheel steering can be freely changed for easier driving,
or for more sportive driving.

- According to this proposal, the convenience for the
driver may be enhanced, but if a driver who 1s not prop-
erly accustomed to such a device makes a drastic
change in the properties of the steering ratio function
under certain vehicle conditions, the driver may be
required to make some corrective actions 1n order to
cope with sudden changes in the dynamic properties of
the vehicle due to the sudden change in the steering
angle of the rear wheels resulting from the switch-over
of the mathematical function.

SUMMARY OF THE INVENTION

In view of such problems, a primary object of this
invention is to provide a front and rear wheel steering
device for a vehicle according to which the driver 1s not
required to take a quick action because of any sudden
change in the dynamic properties of the vehicle when
the properties of the steering angle ratio function is
manually changed.

Another object of the present invention is to provide
a front and rear wheel steering device for a vehicle
according to which the convenience of manually select-

10

15

20

25

30

35

45

S0

35

60

65

2

ing the steering angle ratio properties and easy driving
at all times are attained at the same time.

According to the present invention, such objects are
accomplished by providing a front and rear wheel steer-
ing device for vehicle for variably controlling the steer-
ing angle ratio of rear wheels relative to the steering
angle of front wheels according to vehicle speed, com-
prising: a vehicle speed sensor for detecting an actual
vehicle speed; storage means for storing a plurality of
mathematical functions, including a default mathemati-
cal function, representing different steering angle ratio
characteristics; manual selection means for selecting
one of the mathematical functions of the vehicle speed
stored in the storage means; means for achieving a steer-
ing angle ratio according to the mathematical function
selected on the manual selection means; limiting means
which prohibits the manual selection of the mathemati-
cal functions other than the default mathematical func-
tion according to a predetermined vehicle condition.

According to a certain aspect of the present inven-
tion, manual selection of the steering angle ratio prop-
erty is possible only when the vehicle speed is below a
certain value. Thus, by allowing the action of the man-
ual selection means only in low speed range, any sudden
change in the dynamic properties of the vehicle can be
avoided by restricting the change in the properties of
the steering angle ratio function in medium to high
speed ranges where such a sudden change in the dy-
namic properties of the vehicle could cause an inconve-
nience. |

According to other aspects of the present invention,
manual selection of the steering angle ratio property 1s
possible only when the vehicle acceleration is below a
certain level, when the shift position of the transmission
of the vehicle is in a low speed range, when the steering
speed is below a certain level or when the change rate
of the steering speed is below a certain level.

Thus, by allowing the action of the manual selection
means only when the vehicle condition allows a manual
selection of the steering angle ratio property, any unde-
sirable sudden change in the dynamic properties of the
vehicle can be avoided and easy driving is assured at all

times.

BRIEF DESCRIPTION OF THE DRAWINGS

Such and other objects and advantages of the present
invention will be better understood with reference to
the following description and the appended drawings in
which:

FIG. 1 is a perspective view showing the general
basic structure of a vehicle provided with a front and
rear wheel steering device according to this invention
with the chassis of the vehicle removed;

FIG. 2 is a magnified perspective view of a rear
wheel steering system of the embodiment of FIG. 1; |

FIGS. 3(a), (b) and (c) are skeleton diagrams of the
rear wheel steering system of FIG. 2, illustrating the
working principle thereof;

FIG. 4 is a functional block diagram of the embodi-
ment of FIGS. 1 to 3;

FIG. 5 is a graph showing the steering angle ratios
which may be manually selected under certain condi-
tions;

FIG. 6 is a functional block diagram similar to FIG.
4 of a second embodiment of the present invention;
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FIG. 7 1s a magnified perspective view similar to
FI1G. 2 showing a third embodiment of the present in-
vention;

FIG. 8 is a functional block diagram similar to FIG.
4 of the third embodiment of the present invention;

FIG. 9 is a magnified perspective view similar to
FIG. 2 showing a fourth and a fifth embodiments of the
present invention;

FI1G. 10 1s a functional block diagram similar to FIG.
4 of the fourth embodiment of the present invention;
and

FIG. 11 is a functional block diagram similar to FIG.
4 of the fifth embodiment of the present invention.

- DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now embodiments of this invention are described in
the following with reference to the appended drawings.

As shown i1n FIG. 1, a steering column shaft 2 of a
steering wheel 1 is joined into a rack and pinion type
gear box 3, and a pair of tie rods § are connected to the
two ends of a rack shaft 4 which meshes with a pinion
gear (not shown in the drawings) integrally attached to
the lower end of the steering column shaft 2. To the
external ends of the tie rods 5 are connected a pair of
knuckle arms & which support right and left front
wheels 7, respectively, in such a manner that the front
wheels 7 can be steered to the direction determined by

... the steering wheel 1 in the known manner.

- A pimion shaft 8 extends from the gear box 3 to in the
. rearward direction and an elongated linkage shaft 10 is
. connected to the rear end of the pinion shaft 8 by way
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of a universal joint 9. The pinion shaft 8 is provided

with a pinion gear (which is not shown in the drawings)
which meshes with the rack shaft 4. And an input shaft
. 12 (FIG. 2) is connected to the rear end of the linkage
.. shaft 10 by way of another universal joint 11. This input

. shaft 12 i1s disposed along the laterally central line of the

... rear part of the vehicle and is rotatably supported by a
.- bearing bracket 13 as best shown in FIG. 2.
«»- Further, a swing shaft 15, which is described in

-greater detail in FIG. 2, is connected to the rear end of
the input shaft 12 by way of a clevis 14, and a joint
member 16 is loosely fitted over a middle portion of the
swing shaft 15. The two lateral ends of the joint member
16 are connected to tie rods 25 by way of ball joints 26
respectively, and the joint member 16 is fixedly sup-
ported by a middle part of an arm member 17 which is
arranged along the widthwise direction of the vehicle.

One end of the arm member 17 is connected to the
vehicle body by way of a link member 18 and a link
bracket 19 while the other end of the arm member 17 is
connected to the vehicle body by way of link members
20 and 21 and a link bracket 22 in such a manner that the
arm member 17 may be able to swing in a vertical plane
which 1s perpendicular to the longitudinal direction of
the vehicle. A pivot shaft 23 of the link member 21 on
the side of the bracket 22 can rotate integrally with the
link member 21. The external ends of the tie rods 25 are
connected to knuckle arms 28 which support rear
wheels 27 as shown in FIG. 1.

A motor 31 is mounted 1n a part of the vehicle body
located on the side of the other end of the arm member
17 and an output shaft of the motor 31 is fixedly pro-
vided with a worm gear 32 which in turn meshes with
a sector gear 24 integrally mounted to the pivot shaft 23
of the link member 21. Thus, the rotation of the motor
31 will cause the rotational motion of the arm member
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17. Further, the vehicle is provided with a computer 33
which receives signals from a vehicle speed sensor 34
for detecting the vehicle speed and a position sensor 35
which detects the position of the pivot shaft 23 of the
link member 21 and sends an appropriate control signal

to the computer 33 according to the vehicle speed to
control the rotation of the motor 31.
When the pivot point P of the joint member 16 coin-

cides with the center O of the input shaft 12 as shown in
FI1G. 3(a), the mput shaft 12 and the swing shaft 15
rotate in a coaxial manner, and therefore the joint mem-
ber 16 will not laterally swing and the tie rods 25 remain
stationary so that only the front wheels 7 are steered
and the rear wheels 27 are not steered at all, in the same
manner as in a conventional vehicle.

When the link member 21 is downwardly rotated by
the rotation of the motor 31 by way of the worm gear 32
and the sector gear 24 meshing therewith, the arm mem-
ber 17 inclines with its left end down as shown in FIG.
3(b). Due to this inclination of the arm member 17, the
pivot point P is located below the axial center O and, if
the input shaft 12 1s rotated for instance in counter-
clockwise direction by angle theta, the tie rods 25 move
rightwardly as indicated by broken lines in FIG. 3(b), to
steer the rear wheels 27 in the direction opposite to the
steering direction of the front wheels 7.

When the link member 21 is upwardly rotated by
reverse rotation of the motor 31, the arm member 17
inclines with its left end up as shown in FIG. 3(c). Due
to this inclination of the arm member 17, the pivot point
P is located above the axial center O and, if the input
shaft 12 1s rotated for instance likewise in counter-
clockwise direction by angle theta, the tie rods 25 move
leftward, as opposed to the previous case, as indicated
by broken lines in FIG. 3(¢), to steer the rear wheels 27
in the same direction as the front wheels 7.

Now the control action of the above-described em-
bodiment will be described in the following with refer-
ence to FIGS. 4 and 3.

FIG. 4 shows the functional structure of the com-
puter 33. The vehicle speed signal detected by the vehi-
cle speed sensor 34 1s supplied to the computer 33 as a
certain vehicle speed signal u. This vehicle speed signal
u is converted into a predetermined steering angle ratio
signal ko (=1f(u)) by a conversion process (a) according
to a certain mathematical function of the vehicle speed
such as can be readily determined in accordance with
known methods by those skilled in the art. In the con-
version process (a), the vehicle speed signal u 1s con-
verted into steering angle ratio data according to one of
a plurality of conversion characterstics shown in FIG. §
through a selected one of a plurality of function data fi,
f5, . .. (b), selected for use in the conversion process (a)
and stored in memory of the computer 33.

The selection of function data in the conversion pro-
cess (a) may be accomplished as follows: Selection in-
formation bj selected on the selector switch 42 is given
to the conversion process (a) by way of a selection
process (f), and one of a plurality of the characteristic
curves shown in FIG. 5, or predetermined steering
angle ratio properties 1K, 2K, . . . nK is selected. These
properties are assoclated with the push-buttons 36 to 41
in the manual selector 42 and the conversion process (a)
converts the actual vehicle speed to corresponding
steering angle ratio data according to the property se-
lected from the conversion properties of FIG. 8.

The position sensor 3§ detects the rotational position
of the link member 21 which is proportional to the
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steering angle ratio in actual steering and the detected
result is supplied to the computer 33 as an actual steer-
ing angle ratio km. A relative difference delta
k =k, — kois obtained by a comparison process (c). This
difference delta k is supplied from the computer 33 to an
output control device 43 as data corresponding to the
correction of the steering angle ratio which is required
to obtain the desired steering angle ratio. The output
end of the output control device 43 is connected to the
motor 31 and supplies thereto a control signal s corre-
sponding to the difference delta k. Thus, the motor 31 1s
rotated in the direction which accomplishes the steering
angle ratio corresponding to the current vehicle speed.

The properties of the steering angle ratio functions
corresponding to the vehicle speed are so set up that a
plurality of characteristic curves 1K, 2K, 3K, ... are
branched off from a curve corresponding to nK in a
mutually parallel manner, and the properties towards
the characteristic curve 1K correspond to sportive dy-
namic properties while the characteristic curves of
higher numbers 2K, 3k . . . correspond to easier driving
or steering.

Further, in the computer 33, the vehicle speed signal
" u from the vehicle speed sensor 34 and the predeter-
mined reference vehicle speed data (e) are compared 1n
a determination process (d) and it is determined
whether the actual vehicle speed is greater than this
reference vehicle speed data (e) or not. If the actual
vehicle speed data is greater than the reference vehicle
speed data (e), the determination result is given to a
selection process (f) and a correction signal b; for man-
ual selection is terminated. Therefore, when the vehicle
speed is lower than a certain vehicle speed the steering
angle ratio functions can be freely changed by operating
the manual selector 42, but, if the vehicle speed is higher
than the certain vehicle speed, the selection made on the
manual selector 42 is disregarded and the steering angle
ratio changes with the vehicle speed according to the
already selected function property or a default property
3K for instance.

Thus, according to this embodiment of the present
invention, there is provided the conveniences which
may be derived from the free choice of the steering
angle ratio functions according to the objective factors
such as road conditions and subjective factors such as
the liking of the driver, in addition to the advantages of
a front and rear wheel steering, i.e., favorable driving
response in high speed range and good maneuverability
in low speed range, and the present embodiment can
further prevent the inconvenience of the possible need
for a driver to take a brisk steering action to correct a
sudden change in the dynamic properties of the vehicle
as a result of a manual selection in medium to high speed
ranges since such a manual selection is prohibited in
higher speed ranges by the determination process (d)
which compares the actual vehicle speed with a certain
reference value and restricts the action of the selection
process (f) if the actual vehicle speed is higher than the
reference value.

FIG. 6 shows a second embodiment of the present
invention. According to the present embodiment, man-
ual selection of the steering angle ratio for the rear
wheels is prohibited when the vehicle acceleration ex-
ceeds a certain value. FIG. 6 shows the control struc-
ture of the second embodiment and those parts corre-
sponding to the previous embodiment are denoted by
like numerals and symbols and their detailed descrip-
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tions are omitted for avoiding unnecessary repetition of
disclosure. ¢

According to the present embodiment, the vehicle
speed signal u from the vehicle speed sensor 34 1s sup-
plied to the determination process (d) after being differ-
entiated in a differentiation circuit (g) which may be
incorporated in the computer 33 and it is determined in
the determination process (d) whether the the change
rate of the vehicle speed is greater than the value of a
predetermined reference change rate of the vehicle
speed stored as a reference value (€) or not. If the actual
change rate of the vehicle speed is greater than the
reference change rate of the vehicle speed, the determi-
nation result is given to the selection process (f) and a
correction signal bs for manual selection is restricted.

Therefore, when the change rate of the vehicle speed
is greater than a certain value, the selection process (H)
maintains the already set up default function property
and will not let the function property be changed even
when the a manual modification of the function prop-
erty is attempted on the manual selector 42.

In this conjunction, the reference value of the change
rate of the vehicle speed (e) which determines the con-
dition for performing the above-described restriction is
selected as a value which will not cause a sudden
change in the motion of the vehicle. Normally, the
vehicle speed change rate may be selected so as to be
compared with the absolute value of the actual vehicle
speed change rate, but may also be selected so as to give
different limit values for acceleration and deceleration.

Thus according to this embodiment, manual selection
of the steering angle ratio for the rear wheels is prohib-
ited during acceleration and/or deceleration of the ve-
hicle so that any sudden change in the steering angle
ratio may be prevented when such a sudden change 1s
not desirable.

FIGS. 7 and 8 show a third embodiment of the pres-
ent invention. According to the present embodiment,
manual selection of the steering angle ratio for the rear
wheels is prohibited when the shift position of the trans-
mission of the vehicle is in a high speed position. FIGS.
7 and 8 schematically shows the control structure of the
third embodiment and those parts corresponding to the
previous embodiments are denoted by like numerals and
symbols and their detailed descriptions are omitted for
avoiding unnecessary repetition of disclosure.

According to the present embodiment, a shift posi-
tion sensor 45, connected to the computer 33, is ar-
ranged at the foot of a shift lever 44 of a transmission
and supplies a signal indicating the shift position of the
shift lever 44 to the computer 33. In the case of the
illustrated embodiment, the shift position sensor 435
comprises limit switches provided in the shift positions
other than the “low” and “reverse” positions. How-
ever, the structure of the sensor is not limited by the
present embodiment, it is also possible to provided limit
switches in all the shift positions or, alternatively, to
provided limit switches to the “low”, “reverse” and
“neutral” positions. And, the switches may not be me-
chanical limit switches but may also be of other types
such as photo-sensors. When an automatic transmission
is used as the transmission, the shift positions of the
transmission gears my be detected by arranging such
sensors in the interior of the automatic transmission.

As shown in FIG. 8, the vehicle speed signal detected
by the vehicle speed sensor 34 is processed in the same
way as in the first embodiment. But, according to the
present embodiment, the determination process (d) is
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executed according to the signal from the shift position
sensor 45. In this determination process (d), it is deter-
mined whether the shift position is in one of the low
speed shift positions, i.e., “low”, “reverse” and “neu-
tral” positions, or not. If the shift position is not in any
of the low speed shift positions or, in other words it is,
in any of high speed positions, the determination result

is given to the selection process (f) and the output of
correction information by for manual selection of the

steering angle ratio properties is restricted.

Therefore, when the shift position in one of the low
speed positions or, in other words, the vehicle speed is
low, the steering angle ratio function can be freely mod-
ified with the manual selector 42, but, when the shift
position is in one of the high speed positions or the
vehicle speed is high, the selection made on the manual
selector 42 1s disregarded and the steering angle ratio
changes with the vehicle speed according to an already
selected default functional property. In this connection,
if the manual selector 42 is operated when the shift
position is in one of the high speed positions, the manual
selection may be totally disregarded without preserving
the selected state or, alternatively, the selected state
may be revived when the shift position 1s restored to
one of the low speed positions.

Thus, according to the present embodiment, the need
for a driver to take a brisk steering action to correct a

..sudden change in the dynamic properties of the vehicle
. as aresult of a manual selection in medium to high speed
- ranges is prevented by detecting such a state of the
- vehicle from the shift position of the transmission of the
- vehicle.

FIGS. 9 and 10 show a fourth embodiment of the
present invention. According to the present embodi-
ment, manual selection of the steering angle ratio for the
rear wheels is prohibited when the vehicle is about to
make a turn. FIGS. 9 and 10 show the control structure

. of the fourth embodiment and those parts correspond-
.~ing to the previous embodiments are denoted by like

numerals and symbols and their detailed descriptions

- are omitted for avoiding unnecessary repetition of dis-
" closure.

According to the present embodiment, a steering
angle sensor 46 is provided at the foot of the steering
shaft 2. This sensor may be comprised of a limit switch,
a potentiometer or an electromagnetic sensor which can
produce a signal representing the rotational angle of the
steering shaft 2 or the steering angle of the front wheels.
The output of this steering sensor 46 is connected to the
computer 33.

FIG. 10 shows the functional structure of the com-
puter 33. According to the present embodiment, the
determination process (d) is executed according to the
signal from the steering angle sensor 46. In this determi-
nation process (d), it is determined whether the steering
angle signal is greater than predetermined reference
steering angle data (e) or not. If the actual steering angle
of the front wheels is greater than a certain steering
angle range, the determination result is given to the
selection process (f) and the output of correction infor-
mation by for manual selection of the steering angle
ratio properties is terminated.

Therefore, if the steering angle ratio is being con-
trolled according to a pre-selected functional property
and the steering angle of the front wheels exceeds a
certain range, the selection made on the manual selector
42, even when such a selection is attempted, is disre-
garded and the steering angle ratio changes with the
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vehicle speed according to an already selected func-
tional property. ¢

In this connection, the reference steering angle data
for determining the condition of the activation of the
limiting means 1s so selected as not to cause a sudden
change in the motion of the vehicle. Normally, the
steering angle data is compared with the absolute value

of the actual steering angle in the determination process
(d), but it is also possible to perform the determination

process according to a composite value of the steering
angle and the change rate of the steering angle.

Thus, the present embodiment can prevent the incon-
ventence of the possible need for a driver to take a brisk
steering action to correct a sudden change in the dy-
namic properties of the vehicle as a result of a manual
selection of the steering angle ratio when the vehicle is
about to make a sharp turn.

FIG. 11 shows a fifth embodiment of the present
invention. According to the present embodiment, man-
ual selection of the steering angle ratio for the rear
wheels is prohibited when the change rate of the steer-
ing angle of the front wheels or the change rate of the
steering input from the steering wheel 1 exceeds a cer-
tain value. FIG. 11 shows the control structure of the
fifth embodiment and those parts corresponding to the
previous embodiments are denoted by like numerals and
symbols and their detailed descriptions are omitted for
avoiding unnecessary repetition of disclosure.

In the same way as in the previous embodiment, a
steering angle sensor 46 is provided at the foot of the
steering shaft 2 as shown in FIG. 9. And, as shown in
FIG. 11, the output of this steering sensor 46 is con-
nected to the computer 33 by way of a differentiation
circuit (g) which may be incorporated in the computer
33.

Thus, in the computer 33, the steering angle signal
from the steering angle sensor 46 is differentiated (g) to
obtain a steering angle change rate signal and a determi-
nation process (d) is executed according to this signal.
In this determination process (d), it i1s determined
whether the change rate of the steering angle signal is
greater than predetermined reference steering angle
change rate data (e) or not. If the change rate of the
actual steering angle of the front wheels is greater than
a certain steering angle change rate range, the determi-
nation result is given to the selection process (f) and the
output of correction information bj for manual selection
of the steering angle ratio properties is terminated.

Therefore, if the steering angle ratio is being con-
trolled according to a pre-selected functional property
and the change rate of the steering angle of the front
wheels exceeds a certain range, the selection made on
the manual selector 42, even when such a selection is
attempted, 1s disregarded and the steering angle ratio
changes with the vehicle speed according to an already
selected functional property.

In this connection, the reference steering angle
change rate data for determining the condition of the
activation of the limiting means is so selected as not to
cause a sudden change in the motion of the vehicle.
Normally, the steering angle change rate data is com-
pared with the absolute value of the actual change rate
of the steering angle in the determination process (d),
but it 1s also possible to perform the determination pro-
cess according to a composite value of the steering
angle and the change rate of the steering angle.

Although the present invention has been described in
terms of the specific embodiments thereof, it is obvious
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to a person skilled in the art that it is possible to modify
the present invention without departing from the spirit
of the invention. For instance, if necessary, it may be so
arranged that the modification of the steering angle
ratio function is only gradually made with some time
delay when the vehicle speed is less than the reference
vehicle speed u,, whereby a sudden steering of the rear
wheels due to the change in the steering angle ratio
function may be avoided even in low speed range.

In the above-described embodiment, the various pro-
cesses conducted in the computer 33 are executed by a
certain program (software) stored for instance in a stor-
age area of the computer 33, but it is possible to utilize
electric circuitry having a similar functionality to per-
form the same processes. And, although the manual
selector comprised push-button switches but may con-
sist of a slider mean which is continuously variable.

Further, this invention is not limited by the above-
described embodiments, but may also be applied to

front and rear wheel steering devices in which the front

and the rear wheels are hydraulically controlled and the
front steering angle information is transmitted by hy-
draulic pressure, or the front wheel steering angle is
transmitted to the computer 33 as an electric signal.

We claim: |
1. A front and rear wheel steering device for vehicle
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for variably controlling the steering angle ratio of rear

wheels relative to the steering angle of front wheels
according to vehicle speed, comprising:
a vehicle speed sensor for detecting an actual vehicle
speed;
storage means for storing a plurality of mathematical
functions, including a default mathematical func-
tion, representing different steering angle ratio
characteristics;
manual selection means for selecting one of the math-
ematical functions of the vehicle speed stored in
the storage means;
means for achieving a steering angle ratio according
to the mathematical function selected on the man-
nal selection means;
limiting means which prohibits the manual selection
of the mathematical functions other than the de-

30

35

45

50

33

60

635

10

fault mathematical function according to a prede-
termined vehicle condition.

2. A front and rear wheel steering device as defined in
claim 1, wherein the default mathematical function has
negative values in a low speed range and positive values
in a high speed range, and the other mathematical func-
tions branch off from the default mathematical function
in a low speed range and extend substantially parallel to
the default mathematical function in a high speed range.

3. A front and rear wheel steering device as defined in
claim 1 or 2, wherein the limiting means prohibits the
manual selection of the mathematical functions when
the actual vehicle speed is greater than a certain value.

4. A front and rear wheel steering device as defined in
claim 1 or 2, wherein the limiting means prohibits the
manual selection of the mathematical functions when
the absolute value of the change rate of the actual vehi-
cle speed is greater than a certain value.

5. A front and rear wheel steering device as defined in
claim 1 or 2, wherein the limiting means prohibits the
manual selection of the mathematical functions when
the change rate of the actual vehicle speed 1s greater
than a certain positive value or smaller than a certain
negative value.

6. A front and rear wheel steering device as defined in
claim 1 or 2, wherein the limiting means prohibits the
manual selection of the mathematical functions when
the shift position of the vehicle is in a high speed posi-

tion.
7. A front and rear wheel steering device as defined in

claim 1 or 2, wherein the limiting means prohibits the
manual selection of the mathematical functions when
the actual steering speed of the front wheels 1s greater
than a certain value.

8. A front and rear wheel steering device as defined 1n
claim 1 or 2, wherein the limiting means prohibits the
manual selection of the mathematical functions when
the change rate of the actual steering speed of the front
wheels is greater than a certain value.

9. A front and rear wheel steering device as defined in
claim 1 or 2, wherein the limiting means prohibits the
manual selection of the mathematical functions when a
composite value of the actual steering speed and the
change rate of the actual steering speed of the front

wheels is greater than a certain value.
* % % X %



	Front Page
	Drawings
	Specification
	Claims

